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INTRODUCTION 



I 

One of the primary difficulties in assessing the state-of-the-art 
of educa(;lonal technology is to arrive at an acceptable definition or 
to draw some precise boundaries so that its status may be examined 
with greater accuracy. Certainly the past years have generated a 
motley array of sfateraents and definitions concerning educational 
technology. This author has discussed elsewhere two prevailing cpn- 
ceptlons of educational technology (the physlcal-sclence-media and the 
behavioral-science concepts), two viewpoints which are often antago- 
ni^lc, but can be complementary as well (see Saettler, 1968). The 
dominant traditional or media concept of educational technology has 
been manifested ih the empirical findings which have consistently 
shown "no 'significant differences" in. Improved learning when experi- 
mental comparisons of different treatments, such as film vs. print vs. 
live teachers, etc>, were made. Although oyer half a century of both 
theoretical and applied research has produced' these results, there is 
*wlde8i>read sentiment that "technology can make education more produc- 
tive, individual and powerful, make learning more Immediate; give 
instruction a more scientific basis, and make access to education more 
equal" (Report to the President l?y the Commission on Instructional 
Technology, 1970, p. 7). Yet, media research to date forces us to the 
conclusion that we know neither how to measure the psychological 
effects of medid nor how to, adapt them to the goals and functions of 
education. 



Th« alternative behavioral aclence conception of educational 
technology la not tied to particular media or devices, but rather to a 
broader conception of'the educational process. In this flense, educa- 
tlonal technology is viewed as a systematic development process or as 
a design science pf Instruction rather than a product form. For 
Glaser. educatlcwal technology Is 8ynonymi)U8 with "Instructional 
design" (Glaser, 1968); for Ely. It Is a branch of^ educational theory 
and practice concerned, "primarily with the design and use of messages 
which control the learning process" (Ely. 1968. p. A). GagnQ, sees It 
as "the development of a set of systematic techniques, and accompanying 
practical knowledge, for designing, testing and operating schools" 
(Gagne, 1968. p. 6). Mitchell views it*as "the Intentional and 
systematic organization of Iderfs. activltiea, and men's physical, 
social or psychological environment, to accomplish a specified and 
potentially reproducible educational outcome" (Mitchell, 1971, p., 
W). This writer's own definition is that educational technology Is 
the systematic application of the knowledge of the beh|ivi(^al sciences 
or 'other relevant knowledge (i.e.. insights and implications flowing 
from the humanities >d/or the arts) to the problems of learning and 
instruction. 

This paper Is divided into six sections. The first explores the 
historical roots of educational technology. The second summarizesi the 
status of Instructional design and media selection. The third discusses 
systems approaches to instruction. The fourth describes specific 
media technologies for instructional Aises, The fifth reviews problen*^ 
of educational technology, and the a-lxth looks at prospects of educa- 
Clonal technology for, the remalpder of this century.' 

. ' 6' . 



HISTORICAL ROOTS ' 
, • " ^ .... 

The historical roots of educational technology constitute two 
major clusters. One cluster lies in educational thought hnd^- practice 
of past centyries; the other clust^ lies in the developing behavioral 
sciences. 

Educational technology is basically the product of a grejat 
historical stream consisting of trial and error, long practice and 
ImltaMon, and sporadic manifestations of great Individual creativity 
and persuasion. Most Importanf* changes in educational alms and 
Instructional practices can be attributed to particular social, 
political, and ecdhomlc influences. For example, the transformation 
of Athens I'n the fifth century B. C. from an agricultural society into 
the l\iading marltl/he power brought^wlth it a great expansion of trade, 
a new class of wealth^erchants , and a new attitude toward government. 
.These changes led to a demand for i|n education that would prepare 
young men to pracMce business and politics, a demand soon met by the 
Elder Sophists, who. taught what they called "the art of living." They 
can be considered the true ancestors of modern educational technology 
because they laid the groundwork foV the first prototype of educational 
technology by their systematic analysis of subject-matter and by' 
deslg^ and organization of Instructional materials. They wer\ also 
well acquainted with .the problems associated with human perception, • 
motivation, Indlviduali differences, and evaluation. They also realized 
that diVfer«nt instructional strategies were required for various 
behavioral outcomes. What Is particularly significant Is that they 
viewed technology or techne ad t^e practical art of using knowledge to 
solve problems of learning and Inatructlort. 
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T)»rouRh«>ul tiM' i>tMUurlc;H, many educatoiS have aiado (mportunt 

irlbiitioi-iM to (he (frowth and development: of educational toohnolo^vv. 

For example, tlu' K^owth o.f knowledgf In the sovontoenth oenturv ^led 

.lohann iiomenlns ( I 590- 1 (> 70) to envlMion n syMtei^o} in.stnict ion ' . 

wlu>robv Kmiiums couhi' ho lod Indnctivoly to Kcnora U /.(.'d kiu.wlodrto Iw 

working with niitnral (Objects and studying practloal tltfngs, 

Bofore^ (ho ninotoonth cotrtury, tn.Mtruction was (^saontially th.U 

of strict root(.i(ion of inattors loarnod ont Iroly by roto. Hiis was in 

aooord with thf dominant thoory that ch i Idren w^ro. innately evil an*! 

ihnt Lh&iv natu^os had to bo broken an4 brouglit into i:ompJoto subioc- 

tion. ..Howi'vcr, tliott> were tororunnorH o! lontemporary educational 

locf<noloj>v wlioso tht'orioH and concoptfi wor{> far ahead of prevailin).\ 

f 

.•du<-at ional i)ractieos of the time. Sncli men :iH .)ohu {,ocke (163^- 
UOA). Johann Postalo/^i (1746- 1827). Frederick Froebel (1782-1852^, 
and .loharu-i Mcrbar( (1776-1841) viewed instruction in more systematic 
terms and ro}',i\ i t i ve^ elements came into central focus in the instruc- 
^ t i ona I proi-oss . ^ ' , 

fn the early years of , this century, American educators looked to 
the development of a science of Instruction. Edward ThOrndike "(1874- 
1949) was the ejcemplar of what could be done by empirical-Inductive 
means. John Dewey (1859-1952) also rose to eminence during this 
period -and feontr ilVuted to educational technology througTi his concep- 
tion of instruct iob in terms of scientific 1nethq<} (see How We Think, 
1910). The comlngjof the, machine age and the realization that q^H who 
went t.o school could not enter white-collar jobs stimulated the growing 
. demand fot more practical curricula and more functional methodologies/^. 
Evolving slowly were ideas on how best to use new media, such as the 

■ > 



museum •xhlblt. the photograph, the projected still picture, and the 
motion picture, in instruction. 

It tooK time to bluing about widespread changes in content and 
^ methodology. In the early decades of this century, small groups of 
educators In the United States formed associations which featured the 

j 

words "visual instruction" or "visual education," stressing the 
pictorial content as opposed to the verbal emptiasls of lectures and 
books. An early abstrapt-concrete continuum deigned to gerye as a 
, guide to instruction appeared in Exposition and Il lustration in 
Jj^jchin&. written Irr 1910 by John Adams. However, such concepts as 
these, followed later by others (i.e., Joseph Weber and EtJfear Dale) 
seem to have been introduced more as post hoc rationalizations for 
visual Instruction (later called audiovisual instruction) than as 6 
direct Influence on the design and development of instructional 
Aiaterlals. It is ^clear, for example, that the development of motion 
pictures and television occurred almost ent.irely without reference to 
educatlo^ or learning theory. Historically, "audiovisual materials" 
have been used primarily for group or mass pre8entat;ion without 
explicit regard to individual differences in learning ability. Tradi- 
tionally, the roles of instructional films have been seen as aids to 

.| r- 

teachlng rather than as self,-contained sequences of Instruction. 

One factor which characterieed general overall thinking about the 
use of media in the early decades of this century wa^ specialization 
In the production and'^adminlstration of. instructional media. At the 
outset, following the turn of the. century, commercial Interests pro- 
ducing media far school purposes centered on one or two media. Certain 
companies made blackboards, others produced slides, some produced 



motion picturo, otheri conc«ntr«t«d on naps and models, one centered 
on aeta of allden and atereographa, others produced slldefUms, and 
•ome ■peclallsad. In recordings. 

Parallel with apecialltatlon by producers media there was 
specialltation in the administration of instructional media. For 
example. New York State's Division of Visual Education collected and 
dlatrlbuted lantern slides only. The St. Louis Educational Museum 
concentrAted on exhibits. The University of California's Department 
of Visual Education in University Extension distributed motion pictures 
only. In a number of universities, the department of visual Inptruc- 
tlon was in charge of the distribution of motion pictures and another 
department was charged with education by radio. At one point during 
the 1930\i, there was a national association" of "visual educationists," 
a national association of educators speclaUiing in school excursions, 
and a national association of those in charge of education by radio. 
As time went on, there were those who administered "audiovisual 
materials" under one central unit and who tried to develop a rationale 
for the value and place of each medium or device in Instruction. 

f 

. -Development of a Behavioyal Science Conception of Educational Technoloj^y 

The relationship between the behavioral sciences and educational 
technology waa somewhat tenuous during the early years of thls»century , 
but connections have taken 9 firmer hold ^n recent years. As we have 
aeen, Edward Thorndlke waa the precuraor of the modern behavioral 
science concept of educational technology. Thorndlke Influenced the 
work of W. Vf. Charters, pouglas Waplea, and Franklin Bobbitt, men who 



Uld muph of the groundwork for a behavioral science technology of 
Inatructlon. Another l^rtant early development which brought about 
a closer relationship between educational technology and the behavioral 
aclences was the emergence of progranuned instruction In the early 
years of this century. Although Sidney L. Pressey is usually 
given credit for pioneering the prograiiwned Instruction movement, it 
was actually Maria Montessori who devised the first self-correcting 
devices as early 1912. By the middle of the century, programmed 
Instruction was recons i dered -and revised in the work of Crowder (I960) 
ajnd Skinner (1968) . 

Another important influence on the devel^ment of a behavioral 
science educational technology came from the cybernetics tradition. 
Shortly before and during World War II. "it became Increasingly apparent 
that the exploration of control problems In devices held a particulaV 
significance for the development of man-machine systems. The applica- 
tion of c.ybernetic pritilples to Instruction was first systematically 
developed by Gordon Pask with the Introduction of his so-called 
adaptive teaching systems In England In 1953 (Lewis and Pask. 1966). 
This. was the first of many steps toward a computer-assisted instruction 
(CAI). Still another Influence on educational technology from cyber- 
netlci^s gaming and simulation. 

By the I970's. the trend is away from a machine, thing-object 
orien««ik:ion to a technology of Instruction rooted in cybernetic^ and 
aystems analysis, instructional design and behavioral engineering, as 
well as decision theory. ' simulation, ind operational research* Today 
the dominant ternT has become either instructional or educational 
technology despite the fa<:t that 8<?me still resist this concept and 



1 

f*el that the words "cv>ininunicnt'lon and learnlng-or learning reHource^i" 
should be included. At the present time, a kind of compromise haa 
heen reached and tho profess lonaV organ! zation of the field in tho 
United States has come to be known as the Aasociatlon for F.ducationaJ 
Communlcation.s ai)d Technology. 



INSTRUCTIONAL DESIGN AND Ml-DIA SF-.LECTION 

It seems clear on the basis oC research that no single medium Is ' 
superior' in all rosp<Hts- In any instructional situation, but it Is 
also apparent that any medium can make a viable cont r tbut ti>n to almost 
any learning task (Schramm, 1977). Nevertheless, present research, can 
offer only limited or Incomplete guidance to the Instructional designer 
In the selection and use of media for instruction. This, need has been 
evident for a long time, and eveh now, there is hardly an adequate 
solution to the problem. At a more theoretical level , both educational 
and psychological research has been seriously hampered by the absence, 
of a theory of the structure of the symbol systems that constitute 
such an important part of oifr environment, the media that transmit 

these symbols, and the cognitive transformations that take plrfce in 

i 

those exposed to them. Research on media, without this framework, has 
reflected this limitation (see Allen, 1971). ' , 

Some time ago, this author stated that "an urgent need exists for 
a taxonomy/of instructional media which can provide a ayj^tematlc * 



approach to the selection and jises of media for educational purposes*' 
(Saettler, 1968b). Since this time, Important work haa be^n done, but 
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th« n««d itm •xl8«8. Aftw: reviewing the research In the hope of 
finding some source of help on thlff mat t^r^ Campeau summed -up her 




concl\ialon8 aa follow*: . , * ' 



In brief, an axten»lv,e literature search was for. r^aenrch 

evidence ^relevant ito selecting appropTl4t« in^dla f9f specie ' 
learning tasks.. In part^lcular. It was hoped' that resulta 6f 
studies on the Instructional eff^ctfVeriess of media uitde'r, a 
variety of learner a^d treatment conditions could be oippU^d to 
Ch« task of attempting to constxMct a media taxonomy. The disap- 
pointing result of the literature s^rch was that little more 
than a doeen experimental studies were found to me6t crit€»rla 
^ that gave them some assurance that findings were fnterpre table. 

What is raos.t impressive about this formidable body of Uterature 
surveyed for this review is that it shows that instructional 
media are being used extensively, under many diverse conditions, 
and that eriormous amounts of money are being spent for the *" 
inptallation of very expensive equipment. All indications ar« 
that decisions .as td which audiovljaaal devices to purchase, 
install, and use have been based on administrative and orgaftiza- * 
tlonal requirements, and on considerations of coat, availability 
and usfer preference, not on evidence of instructional effect^lve-* 
ness—and ho wonder. Tb date, media vre^earch In post'-schodl 
.education has not provide^ decision mWcek with I?xra(itical, valid 
. dependable guidelines for making these choices on t*he basis of ' 
Instructional ef fee tttvene^fi. (Campeau, 1974, p.- 31) 

Commenting further in th^s same repoYtj Campead writes j' ' 

" ' . ■ " ■' ' : ^ ■ , ' 

The, question of which media to dompare, or which learner and 
media charactertatics to examine should \fe determined in the 
ll^ht of subject matter and task characteristics. At present; an 
entire ui^ or coursp is programmed, or produced as a series of 
televi8ed^les8on8,.or filmed, or tape recorded, or produced In 
multimedia .fonhat, without identifying specific Instructional 
objectives to be met And without analysing the types and con- 
^ ditiong. of: learning required. Learners are assigned to these 
experimehtal . treatments without regard for traits that might 
Interact with media and task characteristics, (pp. 33-3A) 

It is clear from the Campeau study that a compreheijsive analysis 
^1^ required of- the types of learning tasks and Instructlowal events ' 
that make Up teaching as well as an analyais of the media of Instruc- 
tlon 8^ that their: cTharacteristicf an^ fhe wjiya of usitig thiim can be 
incVrpbra^ed Into a 488 J^n that indlt^ikrf the total learning' si tuat ion. 
Wio'reover , such an analysis muup. liicluda data -^^onceming Individual 



differences and the r lasi^lflcation of different: learning cond4t:lons. / 



'!2!^^XlJ^Ll.^i^^^ Inst ruction 

aagne's i;hj^_9il^ld U 1^^^^^^ (1965) led the way toward 

stronger connection between learning theory and the design ' 

of InHtructlon., Other notable attemptK have been In recent years to . . 

• provide a guide to Instriictlonal design and media selection. Brlggs, 

• ^^^^^ 
^ wrote a monograpli (in collaboration with Gagne and others), Instrvu- ' 

|i966), which deala with the planning and developing of instruction 
♦ and particularly with media. He wrote a second book, the Handbook ot 

P^o^^djiiKes Jj>r_U^ (1970) , for the design of 

Instruction and the selection of mediia. In 197A, Gagne and Brlggs 
wrote their I'jj nc tjpj^e^ o f^ I ^^ ^^ Pes Ign . Still another approach 

was made by I). T. To'stl and J. R.- Ball . (1969) fchroi^^h the development 
V ' of a media classification model, / 

• / Unfortunately, the present stqte of the art does^not solve the 
persistent problem of Instructional design and media selection. As 
Heldt (1978) say«, "Most classification systems claim to be applicable 
>»' the solution of practical problems of media design and Instruction. 

Such pretensions, however^ prove to be Illusory as soon aa^a media 

<*«»lRner or teacher attempts to use them for one of his evejfyday ' - ^ 

problems" (pp. 37r38) . J Heitit says furtheuLf ' * 

the criterion of categorjlaatlon la too general or too complex, so 
that ijthe classification ;riB8ult8 only in trivial statements, as 
for example in Gagne* s table where all media are said to be 
• suitable 'fbr the presenti^tion of the instructional stimulus > 

either with or without limitations, * - 
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* • 

It 18 difficult to realize the InatructlonAl relevance, of the 
, principle ot] arrangement chosen. What would be the Instructloiwil 
consequences If we could detect tJmt two media under discussion 
differ with reapect to the quantity of aenaory ^cu^es they provide? 

The. concept of medium Is too complex and too wide, Whatf for 
example, does Gagne mean by 'teaching machine'?' Tlie differences 
ffitween the devices covered by that term are immense. Or what 
does Brlggs mean by 'TV'? To what Ton^ of organ'JLzatlon (public 
broadcast, CCTV, etc.) and to what aspect (transmission, video- 
tape production, etc.) do his statements refer? 

> • 

The matching of media with the . respective categories by means of 
ratings like 'yes-llMted-no' Is too coinprehenslve and too 
general, and often iricomprehenslble without further Information. 
What help Is It for a teacher to learn that he* may use sound 
movies In nearly all Instructional situations as Brlggs suggests? 
Why are printed media supposed. to be suitable for directing 
attention while moving pictures are said to be unsuitable? On 
such a general level it is possible to give quite a number of 
good reasons for a reverse rating. (1978, p. 38) 

The development of differential learning psychology has developed 

In recent yea.i;a.and h^/^esulted in a particular learning research 

known as "apt Itude- treatment interaction" (ATI) or "trait-treatment 

Interaction" (TTI) research, which considers the connections between 

personality traits of the, learner , and variables of the Instructional 

situation! Consequently, the Introduction of modern media Into 

instruction and learning has' of fered an opportunity to take Into 

account the treatment of Instructional design and media as part of the 

learning environment, Allen (1975) reviewed research concerning 

aptitude- treatment-Interaction and^ simultaneously, developed an 

extensive list of general lira t Ions that Instructional designers might 

use. When Allen looked at the research 'evidence itself, he said: 

There Is little definitive evidence from the aptitude tjreatment 
Interaction research ^^hAt points conclusively to the employment 
of practices that might guide the selection of the mote general 
instructional strategies, much less lead to the design of specific 
Instructional media; The research results are so fragmentary and 
diverse that generalizations from these alone are virtually 
• impossible. , . - ' ■ " ^ 
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We must look beyond the experimental data and base our declalona 
also ort t-tieorles abo^t how Individuals learn and process infornwi 
Cloi» and upon the appfitent directions suggested by the findings. 

^ The translation of research and theory Into r^l-life applica- 
tions Is desperately needed, (p. 139) 

A pfovocative approach to Instructional design and tnpdla use has 
been offered by Salomon (197A). According to Salomoii, "The better a 
symbol system- conveys the critical features of an Idea or event, the 
mere appropriate i% Is" (p. 392). Therefore-, in choosing a medium of 
Instruction, ope analyzes what is to be taught, then searches for the 
symbolic coding system and the 'method of presentation that best fits 
the key elements of the information to be transmitted. Thus, "if the 
simultaneous operation of valves in an engine is taken as the critical 
feature, language would not be the appropriat earned lu.n to convey that 
sort of information" (p. 392). Salomon makes the point that "since 
the req<4irementR of task and the effects of media differ, there can be 
^ no best technique, method, or medium for the attainment of a general 
educational, objective'* (p. 395). Thus,, "the search for the 'best' 
mode of presentation for such general goals is therefore bound to * 
^ 1 N- «9„>lideed It has failed in the past" (p. 395). 

Bloor[i (1956) and numerous educators and psychologists have 
..contributed to the development o( a taxonomy of educational objectives 
Three domains 1lav« been considered: cognitive, affective, and psycho- 
motor. Discussions' of these three domains and related taxonomies are 
available from a variety of original and secondary sources (see, for 
example, Rrooka and Friedrich, 1973; Klbler, Barke't, and Miles, 1970). 
Although the objectives wereUriginally written in general terms, some 
writers (e.g., Magar, 19^?; Vargas, 1972) have explained how to make 
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th«m b.h«vlor«l. Probably th* most .Ignlflc.nt r«t«<irch ImpllcaMon * 
concern, th* u,e of behavloVal objectives •« a specific meswge design 
•o to cue ^he learner to attend to relevant information (e.g.. 
. Kaplan and Rothkopf, 197A; Kaplan and Sinmbn.. 1974). Jean Plaget'a 
approach, which focu.ea on both the psychomotor and cognitive domains, 
has several Implications for the l^tistructl^al designer. |Lgel (1969) 
notes that teachers should adapt to the developmental changes of learner 
construct curricula based on developmental sequences, and provide t^e 
learner with multiple experiences to facilitate learning. It is al«o 
important for young learners to experience their environment through 
. I^ysical 'manipulation. 

Researchers have not to this time characterized instructional 
tasks and medium potentials precisely enough to reaoh any definitive • 
conclusions about which medium U better suited to which educational 
objective. In recent* year., Olspn and Bruner (1974) aAd Lesser (1974) 
have sought to characterize media-specific capabilities. None of 
Chile efforts have been supported by very much experimental evidence. 
As Schramm (1977) concluded after a comprehensive review of the 
research. Instructional media may be equally useful for most educational 
tasks. However, the quality of media research Is probably the real 
issue. It appears likely that more quality research will be conducted 
.in the next decades for the purpose of determining the total ilffects 
of a given medium or combination of medi% in particular learning 
•Ituatlons. Probably the crucial question will focu. on tha question 
of whether or not indlvldual^le.rners proces,^ information more effectively 
yla print, visual or audio madia, Mo|over. it is clear that .educati,on«r 
technology can no longer afford ^raniin isolated from the fields of 
dev#lop«antal psychology, differantlal psychology, and naurospychology 
(JMlttrock, 1978). 
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8YSTBM8 APPROACHBS TO INSTRUCTION 

4 

Off* of th« moat •lgnlfic«nt advance* In aducatlonal tachnology In 
r«c«nt yaara hla batn th« davaXopmaht. of ayatama approachaa to Inatruc- 
tlon. During tha I950'a andl960'a aducatlonal tachnology bacame . . 
Incraaalngly focuaad on language laboratorlea, teaching machines and 
progra«iia(l InatVuctlon, multimedia preaentatlona, and the uae of the 
computer In teaching. Out of this development came a ayatema approach, 
or an effort to dealgn a complete program o^ develop a course of 
instruction to meet specific needa and obj^ct^ves. This movement 
obviously paralleled the military and business worlds, but the pro- 
cedures were almll'ar. Instructional goals and objectives were pre- 
claely defined, th# various alternatives were analyzed, the instruc- 
tional resources were identified and/or developed, a plan of action 
w*a devised, and the results were continuously evaluated for possible 
modification of thi program. 

M«ny instructional ayatems approaches or ^instructional designs 
have evolved with their varlo<Ta f low charts and Hats of steps to be 
followed. One of .the clearest models was develqped In th^ early 
1970's (aee Kemp, I??!). Banathy (1968), Corrigan (1969), and Cagne 
(1966). have designed apecific strategies for instructional systems. A 
more recent system derived from" the operant conditioning approach is 

g<y»ona;ized System of Ing traction by Keller and Sherman (1974) 
Thla approach is characterlied.by the following features r self-pacing, 
maatery of content, . emphaa la on written materials, the use of peer- 
proctors, and the use of lecture* as raotlvatio^ial devlcea. Loughary 
(1968) haa commented: "Without carefully defined objectives, the use 

14 . 
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of thf ayttcnp approach la llkaly to ba Iducatlonal nonaanae" (p. 

* 

730) . Thua tha ayatana approa<;t> Is a way of thinking and ia aa ua«1!ul 
aa tha validity of tha data fad Into tha procaaa. Daaigning praclae , 
and maaaurabla objactlvaa ia ona of the moat- da fin it iva and important 
Caaka of tha ayatama ap)[)roach. 

A focua on tha daalgn of antlra Inatructlonal ayateroa provides k 
claar diatlnction of aducational tachnology in contrast to traditional 
Inatructlonal approachaa. Glbaon a97l) deaqrlbea this approach. ae: * 

tha ayatamatic application of people, Idaaa, materials, and 
equipment to the solution of educational; problems. The process 
by which the learning materials are aelectcd or produced, by 
which the modea of conmunicationi are dfalgned, and arranged in 
the learning environment, and th* atrategiea by which human and 
non-human reaourcea are utilised to Improve the efficiency and 
effectiveneaa of education 1« educational technology. Thus we 
- are concerned with the application of the aya terns approach to the 
more scientific and preclaa solution, uae, and. evaluation of 
reaourcea for the improved dcalgn o^ learning experience. 
Further the entire achool pliant and community are Integral, vital 
parte, (pp. 1*2) " * 

Educational technology not only Includes problema of Instructional 
daalgn and management of learning, but must also Involve development 
ana management of dlverae educational systems where instruction and 
learning can take place. 

It 

Conceptual. Contributiona to Systems Approaches 

There are, at present, distinct discipline areas which contribute 

I. 

conceptually and methodologically to ayatems approaches. These are 
General Sya tarts Theory, cybernetics and the resulting management 
information and control davlcea and techniques (i.e., program evaluation 
and review technique (PERT), and GANTT charta, critical path method 
(CPM), coat benefit analyala. simulation tachnlquea, arid oporatlona 
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rMMrch^itr«t«gle«) , and piycho»ocl«l ayitewa which purport to Ri.rvlv 
«n«n'« p«ychologlc«l atate (lyatam) as a function or product of a 
varlaty of IntarraUtlonahlpa, 

Bahavloy Syatama; A Nay Direction In EducaHonal Tedinolog y 

Behavior aystema In education range from the "minlayafcem" of 

prograwned Instruction to complex macrosyatems encompassing an entire 

school. Accorfllng to Zlfferblatt (1973), ^ behavior system model 

should (a) have the capability of representing all interrelatlonshlpt) 
» 

between different contli^gencles (e.g. , reading, math, social behavior); 
(b) specify all operations (contingency at:rangement8) required to 
generate and maintain behavior (e.g. , time, media, teacher behavior, 
coat); and (c) de^cirlbe the progress of flow of activities In conduct- 
Ing the program (p. 335). 

Behavior ay s-t ems evaluation Is focuaed on accomplish^nent of the 
mission and Is primarily concerned with how aystem priorities can be 
made more efficient and effective; or, specifically, what Is happening 
In a particular prijrgram, how can this be represented (Interrelatlon- 
Ships), and how can opetatlons be continually refined while holding 

r ' 

the program constant? Operations reseiarch or management science 
provides a useful and Important tool for analyzing complex instruc- 
tlonal systems and can also be an excellent guide for the design of 
Instructional systems. 

HuasnltinR the Systfms Approsch to Insttuctlon 

> •yatmna. approach la a tool for dAQjLslon making wMchVuttatles 
thpie who mliiage the ayatam to jiute their biia in the form of a goal. 
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and to operat* th« aystan ao tha*t parformance will achlava a particular 
goal. Frequently, the ayatem la viewed as being Inhumane or Impe'raonai 
but If the purposip of - the ayatem la to promota humane Intereats, the 
reaultlng outcome ahould be an effective and efficient humanlted 
ayate*. It appeare obvloua that aystems can be eUher Inhumane and 
deperaonalleed or peraonallned and humane. They are whatever they 
were def igned to. be. 



Prog rammed and Computer-Aaalated Inatrucflon 

Conceptually and methodologically, programmed Instruction and 
computer-assisted Instruction can be viewed as mlnlsystems. (See 
Ofiesh and Melrhenry (1964) as a major source of Information on 
systems applications in programmed InstructloTi, > In the early 1960's, 
definitions of programmed Instruction usually described various 
formats, such as small frames, requirements for responses, and the 
.like, Markle (1967) pointed out that auch def inltlono^^estrlcted the 
class of instructional materials that could be called programs^ She, 
instead, defined an instructional program as a "reproducible sequence 
of instructional events designed to produce a measurable and consistent 
effect on the behavior of aa c h aivd evary acceptable student" (p. 104). 
This definition has received general acceprtance and the term "programme 
Instruction" has come to be widely accepted as "validated Inatructlon" 
or la considered to t>e a ayateraatic 4avelopmant process In which the 
developer or Instructional dealghar aaaumaa complete "raaponalbillty 

for student learning « , 

■ ■ f ' • ■ . 

Conputer-aaslated Inatructlon (CAI) haa been defined in many ways 

throMgh tha years. On* definition dafinaa CAI aa "an interaction 
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b«tw««n A atudent, « computer controlled diajiUy, and a response- «ntrv 
device for the purpose of achieving educational outcomes" (Bundersort 
and Faust, 1976, p; 47), Without Question, tjAI offers a new science 
and technology of Instruction whos* potential hfs hhrdlybeen probed. 
Pa.rhapa It .wli; somV dAy fcoWstltute the ialn thrust of a behav;loral 
science orl,ented educational technology. ' ' 

The programmed Instruction movement Reached its peak during the 
early 1960* s. Unfortunately, the claims of programmers far exceeded 
their skill and school storehouses began to be filled with unused 
teaching machines and programs. By the late 1960'8 and early 197()'8, 
publishers had drastically retrenched and there came to be a realiza- 
tion that effective programmed instruction must involve a systematic 
and empirical development process. Meanwhile, the middle 1960.'s 
marked the beginning of the boom in tAI. Again,. , as in the beginning 
of^ the programmed instruction movement, computer companies were 
merging with publishing companies and there were great expectations 
for profits in the educational market. Federal aid for research and 
development provided most of the Impetus for CAT and many projects 
were begun. By the eariy 1970*8, federal funding had begun to diminish, 
and the new educational market had not materialised. Computer companies 
and publishers began to withdraw from the field and a new decline set ' 
in. Again, mistakes of the programmed instruction movement had been 
r«peat,ed because CAI's complexities of hardware, software, and course- 
ware aa well as cost involved had not been sufficiently understood. 

A number of notable CAI programa have been developed in recent 
years. One of the earliest, the PLATO project, first begun at the 
University of Illinois in 1959, has been described elsewhere and need 
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not bt t«pMt«d htr«. It is Important to not* th«t PLATO h«« had « 
tTMt lnflu«nc« on CAI d«v«lopm«nt because It tharad Idaas and materlaio 
conductad raaaatch» and provided a training grounder th« naxt genera- 
tion Qt CAI developira and users. In 1^971 , th# TICCIT (Time-shared 
Interactive Computer-Controlled Information Television) Project was 
funded by the National Science Foundation (NSF) as a major demonstration 
project to develop, test, ^nd demonstrate a minicomputer-baaed 'CAr 
•ystera suftporting 128 color television display terminals and delivering 
courses in freshman and remedial mathematics and English composition 
in two community colleges. 

Various sequencing strategies have been devised in CAI. 'Atkinson 
(1W2) has described four criteria which must be met in his approach 
to a theiry of instruction: (a)' a model of the learning process must 
exist; ,(b) admissible instructional actions must be specified; (q) 
instructional objectives must be specified; and .(4^a measurement 
scale m^Bt exist that permits costs to be assigned to each of the 
instructional actions, and values of payoffs to the achieveme^t of 
each overall objective (pp. 921-31). 

In recent years, Gordon Pask in Great Britain has developed an 
instructional approach to CAI which in radically different from the 
procedures of Atkinson. Pask's procedure is based on a comjvrehensive 
cybernetic theory which Involves a conversation between two or more 
participants ..on a series of topics 'that form a conversational dottaln. 
On* participant is the subject; the other may be a machine or a person ' 
serving in the role of thie ixperlmant*r*s agent, because of the' 
coMplaxity of this cybernetic learning environment, it usually involves 
some type of complex electronic equipment. Peak's work is stilt Hot 



w«ll understood In this country, but it appears likely that it r.cy 
have significant Influence on future approaches to instructional 
design as well aa' providing a theoretical framework for those working' 
on artificial Intelligence (AlPsystems fi^^r CAI. 

It l8 likely that the greatest progress in educational technology 
in the near future will be seen in the development of CAI systems. As 
increasingly mor^ sophisticated instructional CAI systems are developed, 
it does not seem ovefly optimistic to predict that a historical 
breakthrough will be made in the design and development of highly 
individualized systems. These systems will be capable of diagnosing 
Individual differences, providing for continuous feedback for the 
revision and improvement of programs as well as providing for self- 
pacing, practice, and conversational procedures between learner and 
programmer 'involving problem solving situations. Moreover, future 
systems promise day-to-day instructional design Rossibilities which 
would allow teachers to become instructional developers for Computers 
without the necessity of learning domputer programming. Just as solid 
state technology has made calculators widely available, so the micro- 
computer revolution promises tg make CAI terminals -readily accessible 
in homes, schools, and learning centers. 



MEDIA TECHNOLOGIES FOR INSTRUCTION . ' 

The Impact of media technologies on the extension of instructional 
•possibilities has been immense in recent years. One important develop- 
mental process is reflected in the emergence of simpler, more practice 
video recorders, eassettes arid discs, and low cost television equipment-. 
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nmt MdU ttchnologlca for th« ifutur* point In the direction of hbth 
macro and «icro t«chnologio. At th« macro level, where broadcasting 
waa onca confined to terraatrla; tranamlaalon, the development of 
communlcatlone satellite tachnology haH made Marahall McLuhan'a 
"global village" a reality. • Also, as an alternative to ojien broad- 
caatlng. "broadband conrounloatlona" or cable ayatama Involving direct 
video and audio algnala have Important Implications for educational 
broadcasting. At the micro level, an Increasing miniaturization of 
equipnant. or what has been called "microelectronics" has meant that 
, media can be us^d more extensively. Micro technologies Include such 
developments as the portapak video camera, the vldeocassette, and 
electronic films. As distinguished from photographic film, i»lectronic 
films are delicate massas of electronically active material condensed, 
for the moat part, from hot vapors onto cold, fiard Insulating aurfaces 
such as glass. Depending on the materials used, auch fllma, called 
either thlrt or thick, are often ten times thinner than an ordinary 
«dap babble.' These films may eventually lead to a television camera 
only half an Irvch square, a hand-held battery-operated computer , a 
form of computer that could store a quarter mlUlon bits of Information 
on a glass slide half ^ foot square, a nSf type of video tape which 
could store pictures optically for later readout by an electron beam, 
and a revolutionary type of Integrated circuitry for appllcatlbn In 
•11 forms of alectronlc aqulpmante 

The application of th« madia technologies for, Instructioh occurred 
in a number of waya during the past decade. One of the notable 
applications in the Industrlallaed world waa that of the Opaa.'unlveralty 
In Oraat Britain; This broadcasting ayst«m, involving multimedia 
cotlbinatlona of radio, telaviaion, films, and programmed materials, 



bwftan In 1971- Tourulat Ion rour«eH » evealed by cour«o teamfi of ho^ h 
mtnUn aiul ar.ult^mlr spi»cl a I i st s , wort* (.llrorttni to ovor Tllty thounaiul 
MtudiMUs tlu'ouRlKiut I'ngland. A nlmilar approach wan mad(» \rj "Projort 
Sun*' In Nebranka wbere the murttmedla mix Involved Itvlov i m Ion / avid (o 
rasMottos, nowtjpapers, U^arning kits, and leaVnfng resource centers. • , 

The dt^vflopmont of telecommun icat tona ^iiatell lt<> Hysleins brought 
about some interest i!)^ educational experiments. The first were In 
audio, involving health education In Alaska. I.e., the PEACKSAT (Pan- 
Paciftr Fiducatlon and Connnun lent lon« Kxperlments by Satellite) System. 
Hie 11. S. Of ! Ici* of Kdiicatlon haM conducted its experiments on ATS-l 
and ATS" 3 satellites, utlll/.ing not only the PEACESAT ground stations, 
but those in Ala?;ka and Appalachla as well. 

ATS-h, lavnu^hed in l^ay 1974, broadcast for a period x>f nine 
months to moue t!»an fifty rural schools In an eight-state area In the 
Kockv Mountains. Programming emphasized career, education ^ and social 
and environmental .^itudles. Later, tliis same satellite was moved to 
India where It contributed to the Indian Satellite Instructional 
Television Experiment: (SITE). Programs were produced under the 
control ot Ail India Radio and were beamed for four hours a day (using 
one video and two audio channels) to 2,400 villages In si^ states. ' 
Meanwhile, the newest available expe;rlmental communications satellite 
Is a Joint U. S. -Canadian venture, the Communications Technology 
Satellite (CTS). Like ATS-e, it Is desigped to explore the technological 
C0nf igurati(j»n of a high power satellite working with small and relatively 
inexpensive ground stations. 

At pr^«aent, there are four operating conunerclal domestic satellite 
systems in the United States: those of Western Union, RCA, American 




Conmunications, and Comsat General. Of particular Interest to educatlofial 



bto*de«»t«rt it. th« fact that public broadcaitlng hai' contracttd with 

*■ ■ ' - ■ . ^ 

Wa«t«rn Unloh to'raplaca th*;t*rr«i trial lnt*rconrt«ction for public 
t«l'«fvi»ion, aupplltd in tha pat i by tht talaphona company, with 
Intarconnaction for t^»« •ffillafcat of National Public Radio to be 
added in 1980. 

In teme of the future applications of eatellitea for educational 
purpdiee, it can be atated vith some assurarte^e that; future developments 

int«n»lfy «nd expand in th la field/. ; Additional experimental 
coomunlcatiorta aa^fellltea are in the talking -and planning stage. One 
of the mo$t^ algniTicaht ioplljcati'pifs of the National Institute of 
Education funding of satellite experiments may be the impetus it can 
pij^vtde for future experimentation and development. 

Conriunl^ions satellites uaed for broadcasting as well as 
telephony unquestionably preaent opportunitiee unparalleled by more 
traditional media technologies, but they lack the kind of interactive 
communication which the traditional media dp provide. For example, 

J- ■ 

the use of posters, filmstrips, films, maps, charts, etc., may more ■ 
effectively meet such n^eds as mobility and low tost. The jjo^entlals 
of radio, with Its easy acceasibllity, reUtJty^a,y low post i ahd itV ' " 
poaaibiraUs for two-way interactive communication have not been 
fully realised Inthe industriall«ed nations. In contrast, too much 

if 

attent^ion tends to focus on auclT^rg, prestigious madia as television, 
computers, and satellites. Neither so-called "big media" pr "^ittle 
media" are necessarily better or more effective in Instructional 
situations. It is clear, however, that the increasing diversity and 
deVelopfMnt orf media technologiee will require serious decisions about 

• rapidly expanding range of s^rAtegic altemttlves that vill be 

^ ■ . . . . I ■ ■■ ■ 

•Pl^ropriate for specific educational^objecstivei, 



- ' PROntEMS or EDUCATIONAL TECHNOLOGY 

Th« pottntltl of f duett lonal ttcknology U revolutionary, but 
thli potential It not llk.ly to b« r««lls«d In any raatonabla time 
unlets a number of tfrloue problemt are tolved. These problems 
Involve public policy Istuet^ technical ttrateglee, research and 
evaluatWn, at well at the problems associated with the development 
of a behavioral science oriented educational t^chnojogy. 

An fntegrated approach ta educational planning and research la 
needed. The great advances of m^dla technologies and their rapid 
expansion In recent decades calls for a new type of research typified 
by the works of Ellhu Kat«.(1977), Kat« and Wedell/ (1977) , Parker and ' 
Mohammadi (1977), and Anthony Oettlnger (1977). An Integrated approach 
to the. problems of educational policy and planning would have ,to focus 
on message content » Intent, production, distrlbutton, and evaluation. 
Also, since most media research in the United States has followed the 

,5**""°""*^"*^*^^ ^*^**^^^ communication process called 

«S-M~q-|^!J-->^irV6urce (S) sends a message (M) , via certain channels (C) , 
to the receiver (Rj, who responds or reacts to this stimulus with an 
effect (E)), It is time that media researchei;s adopt new, more fruitful 
paradlgma. fhe prevailing model «etumes a mechanistic and atomistic 
approach to the coimminicatlon process and focuses on the effects of the 
source, message, or the channel on change in knowledge, attitude, and 
overt behavior of the receiver— at if he 6r the were passive and lived 
in social isolation. Therefore, tome ret«archert have reversed the 
question of media effects to ask, rather, what uses and gratifications 
the receiver brings to the medli,^ Katt (1977) has described this media 
retaatoh trend *t follows : 
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Th«y «r« «)(Amlnlng <Slng«r. 1976; and Bruner and Olson. 1973) » 
togathar with brain apaclallata (Blakanora. 1977), how informa- 
tion la proceaaad, and wore apaclf Ically, what phyaical and 
paychologlcal functlona ara activated by dlffarent kinds of 
media (plcturai, apokan worda, aualc, print). la auch Informa- 
tion atorad differently, and under what circumstance la It 
recalled? What sorts of Information are raort corapatlblt with 
which bf the media? Are aome people apeclallaed in processing 
one or another sort of Information? How well do different 
media combine? Is there a learning proceas InVolved In defiling 
with a particular medium (Salomon, 1972) ai^d If so, is it also 
applied to other sltuatlona?..v Gratification studies in Israel 
and Australia ^(Kata and Gurevltch. 1976; Klppax and Murray. 1976) 
have found tfeat, bdoks are thpught to cultivate the inner self; 
films and del^vlslon, to give pleasure; and newspapers, .^nore'' 
than other^5»edla, to give feeling of efficacy and stability. 
Radlp is hl^h on companionahlp. . . Television performs more 
different functions than any of the media, but there is debate 
over whether Its role as agent of information is deemed as 
Important <by the audience, as its role as agent of entertainment, 
(p. 30) 

It seems abundantly clear that educational technology cannot reach 

its full potential until research discovers more about the learning 

process and hbw It varies in each individual with different instruc- ' 

tional treatments. Although media research shows no significant 

difference in achievement than control groups taught by a teacher, the 

findings show, as pointed out by Oettlnger and Zapol that: 

Learning la largely Independent of the details of means, hence 
...issues of policy and technology, on the one hand, and of 
learning method and content, on the other hand are essentially 
independent. No-slgnlf Icant^dlf ference findings, therefore, 
leave alternatives to the accepted ways > of schooling wide "open, 
alternatives that might, according to public preferences, achieve 
leaser costs, greater Individualist ion, or some other personal 
or social benefit without, at the very least, making any differ- 
ence eo far as measurable learning performance is conceived. 
TYy^»e benefits are neither all equally attractive to everyone 
nor unequivocally measurable. Preference* and priorities keep 
changing. Acceptable strategies for wakli^ technology responsive 
to learning muat therefore permit continuing and diverae public 
choices; declalbna about ends and neana mutt be raaerved as 
matters of public policy and not left unattended to experts. The 
strategic i^uestlon of how technology affects control over the 
means of learning must take preference over pedagogical nits to 
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assure that public prefersncss— or significant differences, *f 
S019S are ever fpynd— vlll be acconanodated and not dictated by 
how technology Is deployed, (pp, ^-7)* 

On# of the bailc problems confronting the American educational 
aystem is that it la not in fact treated Us a system. It has been 
generally fragmented and broken down Into discrete functions. Moreover, 
educators » for the moat part have reslated the Ideaa of operat4.onal 
research and systems analysis. As a consequence, little or no consid- 
eratlon has been given to the total learning environment. Until all the 
theories of learning are aynthealred and brought together In one system, 
there Is not likely to be an effective way to unify the structure and 
process of instruction. In- addltlQ]?j, any system analysis must take 
into account the timetable for bringing about ijj^^tructlonal plane as 
well as determinlnil the probable costs. Very little has been done to ' 
define what Instructional, priorities should be established and how 
educational -technology can be implemented to realize these goals.. 
This author Is convinced that the most exciting contribution of 
educational technology in the future will have to be in the ar^^a 
instructional systems rather than media. .': 

- A' ' 

In the years ahead. Instructional, units will probablyTbe more 
-f lex.lJc»l# than.thipy.^raaefttly are and each unit or instructional 
system may involve the learner in deslgn^g Various aspects of the 
program* While some may view the systems approach as depjprsonallzed ' 
and Inhuman, It is :^mportant to point out that eduaatlonal technology 3^ 
has the potential of . developing a system t;p be humanizing tist 'well. A 
systems approach does rtot 'de-personalize education unless- It is 
designed for that purpose. The essential problem of educational 



*Pages Indicated refer to the chapter preprint which Is available as 
ED' 064 902. 
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t«chno\oty !• that It hat baan raitrlctad to madia whan tha raal need 
la a new concapluallMtlon of Inatructlon aa a aysten. 



PROSPECTS * 

\ 

In terraa bf media teqhnology, the future proalset many cortmunlca- 
tlona marvels. For example, It la likely that a portable terminal/ 
dlaplay "carrel^' may be developed whereby the user could have Immedlat 
access to practically all of the printed or audio-video Information 
stored anywhere In the world. This electronic carrel would contain a 
•video monitor, a photocopier to Instantaneously reproduce any material 
desired, a fiber-optic laser terminal that would provide potential 
access to thousand a' of Information channels, and a series of opera- 
tional modes whl^ could give the learner acceas to computer-based 
Inatructlonal programs or to Instructional materials In every^iewing' 

the home Itself may be transformed 
into an Instructional resource or learning center by means of a 
television wall scteetl connected to videotapes, facalmlle printers, 
and minicomputers which can be activated to transmit any type of 
stored Information br Inatructlonal program available. By meahs of 
two-way communication, the learner will also be able to send messages 
•a well as receive them. A real breakthrough In man-computer communis 
cations will come with the development of speech Interfacea for 
computers . Through this capability and the unlveraally available 
tele^one system, as well aa rad^p and cable conmunlcatlons with 
computers, computer capability will be opened to almost everyone who 
has acceas to a telephone . With this development the possibility of 
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extensive inetructlonal'^nputer network* Is likely to neterlalire 
In the futurte. 

Speculatlpna about the technlpal poaslbllltlea of the future are 

relatively easy because moat of the hardware components have already 

been wbrked out theoretically or In a practical sense. However, the 

difficult predictions for the future of educational technology focus 

on the process Itself. As we harve indicated in the previous section. 

the real problem of educational technology is that of instructional 

design. For example, John Goodlad, after ^a comprehensive study of 

educational practices In the United States, concluded that: 

Many of the changes we have believed to be taking place In 
schooling have not been getting into classrooms; changes 
widely recommended for the schools over the past fifteen 
year* were blunted on school and classroom doot. Chances ' 
are, rabst teachers seeking to teach Inductively, to use a 
range of Inattuttlonal media, to Individualize instruction, 
to nongrade or team teach, have never seen any of these 
things done well, let along participated in them to the 
pplnt of getting a "^feel" for them or how to proceed on 
their own. We simply do not have In this country an array 
of exemplary models displaying alternative modes of school- 
ing. In spite of assumed local control and diversity, (p. 103) 

A look Into the future sees the realization of a new conceptuali- 
zation of instruction as a system. However, this development promises 
to be evolutionary rather than revolutionary. There la an obvious lag 

3 

between our ability to establish the level of the behavioral change we 
desire and our ability to determine whether the change has occurred. 
This problem will have to be solved ijf a true systems approach Is to 
be developed. Moreover, it has "reljr been pointed out or recognized 
as a prol^lem, that information and knowledge are not Identical or 
synonymous as It is frequently assumed. For example, computer informa- 
tiohj^ystems Are not just objective recording devices. They also 
reflect poncepts, hopes, and attitudes. Thus, the communications 
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revolution has within it th« poison aeedf of the paet . Instead of 
creating a "new future/* modern conwunlclatlons may mask the upderly^ng 

forces of politics and power, 

J ' « . ' 

It 1» the particular futuristic bias, of this writer thh't 
x"i V , 

educational technology can generate humanistic experiences. Thus, a 

••fl 

system designed specifically ^or that purpose will synchronite the goal 
methods and means and evaluation so as to bring about an effective and 
humane system. However, unless some basic conceptual, methodological, 
and political changes occur within the foreseeable future, the glowing 
expectations for educational technology may not be realized before' the 
end of this century. Let us hope that educational technology in 2001 
A.D. will develop into something far more exciting and creative than 
we lYOw have . 
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